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LENS MEMBER AND OPTICAL UNIT USING 
SAID LENS MEMBER 

CROSS-REFERENCE TO THE RELATED 
APPLICATION 

0001. This application is based on and claims the priority 
benefit of Japanese Patent Application No. 2010-102095, 
filed on Apr. 27, 2010, the disclosure of which is incorporated 
herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a lens member and 
an optical unit including the lens member, used in, for 
example, Light-emitting diode (LED) lighting, and the like. 
0004 2. Related Art Statement 
0005 LED optical products such as lighting, projectors, 
flash, headlights and tail lamps of automobiles and the like, in 
which an LED is utilized as a light source, or basic optical 
devices such as a narrow directivity LED, and so on, generally 
use a lens for focusing or collimating the light emitted from 
the LED. Although a convex refractive lens is usually 
employed for this kind of lens, adoption of a Fresnel lens with 
the aim of height reduction and thinning is also proposed. 
0006 Conventionally, there is proposed a lens for a lamp 

fitting which has a lattice-shaped refracting prism formed in a 
central portion of the inner surface near the optical axis, and 
also has a lattice-shaped reflecting prism formed in a periph 
eral portion of this lattice-shaped refracting prism (refer, for 
example, to JP 57-55002A). In addition, there is proposed a 
Fresnel lens in which a part of the prisms of the Fresnel lens 
Surface acting as a light-entrance Surface is formed Such that 
a part of the entering light rays are emitted from the light-exit 
surface after being totally internally reflected at the non-lens 
surface (refer, for example, to JP59-119340A). Furthermore, 
there is proposed an optical device configured from a refrac 
tive lens portion having a lens body provided at a central 
portion of the optical axis and a reflecting body portion, the 
reflecting body portion allowing light rays to enter from an 
inner Surface portion and totally internally reflecting the light 
rays at a paraboloid-shaped reflecting Surface, thereby con 
Verting the light rays into a parallel beam (refer, for example, 
to JP 05-281402 A). 
0007. However, the above-mentioned conventional tech 
nology leaves the following problems. That is, in a conven 
tional Fresnel lens, in the case that an edge of a prism is 
configured with a sharp angle by a prism light-entrance Sur 
face and a prism reflecting Surface, during resin molding of 
the Fresnel lens when a metal mold is filled with resin, resin 
is prevented from reaching the edge of the prism because the 
edge is narrow or thin. This causes the edge of the prism in its 
molded State to have a rounded shape. Hence, there is a 
problem that light-entrance and reflection of light at the 
rounded edge of the prism cannot be performed with high 
precision, which results in deterioration of luminance perfor 
mance in a direction of a central axis AX of the lens member, 
and so on. 

0008. In addition, the lens body disclosed in JP 05-281402 
has the disadvantage that its reflecting Surface must be high in 
order to reflect all of the light entering from a rounded shaped 
light-entrance Surface, thereby causing lens thickness to be 
increased. 
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0009. Furthermore, the lenses disclosed in JP 57-55002A, 
JP59-119340A, and JP 05-281402A have the disadvantage 
that a loss is generated due to a part of the entering light not 
reaching the reflecting Surface, making it difficult to maxi 
mize usage efficiency of the light. For example, in JP 
05-281402 A, there is a portion between the light-entrance 
surface and the refractive lens portion where the entering light 
does not reach the reflecting Surface, resulting in loss of the 
light passing through this portion. 
0010. In addition, when an LED is used as the light source, 
the radiated light has a light distribution in which the greater 
the emission angle the Smaller the light intensity; therefore, as 
shown in FIG. 3, when a conventional TIR (Total Internal 
Reflection) lens 1 is used, the light entering from the light 
entrance surface of the inner concave lensportion 3 of the TIR 
lens 1 disposed to face the light source 2 is totally internally 
reflected at the reflecting surface of the outer convex lens 
portion 4; however, this results in the light L2 of relatively 
strong light intensity in the central portion vicinity being 
reflected at the reflecting surface at the outer peripheral side 
of the convex lens portion 4. 
0011 Consequently, in this TIR lens 1, brightness in the 
central vicinity is high, but becomes low in the intermediate 
vicinity and rises again at the outside. As a result, even if this 
TIR lens 1 is turned into a Fresnel lens, if a conventional 
method is used to do so, ring-shaped flare centered on the 
optical axis is generated in the exiting light which spoils the 
appearance. 

0012. Furthermore, in the lens disclosed in JP 05-281402 
A, the light-entrance Surface and light-exit surface of the 
reflecting lens portion are both formed as non-spherical Sur 
faces, and there is therefore a problem that both processing is 
difficult and costs rise. 

SUMMARY OF THE INVENTION 

0013. A lens member in accordance with an embodiment 
of the present invention including a light-entry side that 
includes a central axis, a concave shape with the central axis 
centered, a light-exit side opposite to the light-entry side, a 
plurality of annular prisms provided on the light-entry side 
and concentric with the central axis of the light-entryside, the 
plurality of annular prisms each including an inner annular 
Surface and an outer annular surface that is positioned outside 
of the inner annular surface to form each of the annular 
prisms, and at least one of the annular prisms including a facet 
at an edge between the inner annular surface and the outer 
annular Surface of the at least one of the annular prisms. 
0014. The facet may be an annular slope rising from the 
inner annular Surface to the outer annular surface of the annu 
lar prism. 
0015 The at least one of the annular prisms may be a 
plurality of annular prisms with facets and may be positioned 
at a central portion around the central axis of the light-entry 
side. 

0016. The inner annular surfaces and the outer annular 
Surfaces of the annular prisms are formed in a shape of 
Fresnel lens surface. 

0017. In another embodiment of the present invention, the 
lens member may include a protruding portion protruding at 
the central portion with the central axis of the light-entry side 
centered, and the plurality of annular prisms with the facets 
that are concentric with the central axis may be provided on a 
slope of the protruding portion. The protruding portion may 
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include a conical shape and the plurality of annular prisms 
with the facets may be provided on a slope of the conical 
shape around the central axis. 
0018 Regarding a protruding end of the protruding por 

tion, the protruding end may have a flat surface perpendicular 
to the central axis or may have an aspheric Surface. 
0019. The inner annular surfaces of the annular prisms 
may be formed with divided portions of a light-entrance 
surface of a TIR lens and the outer annular surfaces of the 
annular prisms may be formed with divided portions of the 
light-reflection surface of the TIR lens in which the light 
entrance Surface includes a concave shape provided at a lower 
portion of the TIR lens and the light reflection surface 
includes a convex shape positioned outside of the light-en 
trance surface. In divided portions of the light-reflection sur 
face of the TIR lens, the divided portion originally positioned 
away from a central axis of the TIR lens is relocated to the 
outer annular surfaces of the annular prisms that are posi 
tioned adjacent to the central axis of the light-entry side, and 
in each of the annular prisms, the outer annular Surface may 
be a total-internal reflection Surface that reflects light passing 
through the inner annular surface of each of the annular 
prisms. The inner annular Surfaces and the outer annular 
Surfaces of the annular prisms may be formed in a shape of 
Fresnel lens surface, fresnel-ized from the TIR lens with the 
divided portions that are originally positioned away from the 
central axis of the TIR lens, relocated adjacent to the central 
axis of the light-entry side. 
0020. Furthermore, in the lens member according to 
another embodiment of the present invention, a plurality of 
minute irregularities may be disposed on the light-exit side 
and configured to control directivity of light passing through 
the light-exit surface. The irregularities may be diffusing 
portions of light. 
0021 Moreover, an optical unit including a lens member 
in accordance with an embodiment of the present invention 
and a light source including at least one light-emitting diode 
element and a light-emitting Surface with an optical axis 
centered, the optical axis of the light source being disposed 
coaxially with the central axis of the light-entry side of the 
lens member. The at least one light-emitting diode element 
may be a plurality of light-emitting diode elements and may 
include RGB light-emitting diode elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 is a plan view of a lens member in an embodi 
ment of the present invention. 
0023 FIG. 2 is a cross-sectional view taken along the line 
II-II of the lens member shown in FIG. 1. 
0024 FIG. 3 is an explanatory diagram showing a prin 
ciple of a conventional TIR lens. 
0025 FIG. 4 is an explanatory diagram showing a prin 
ciple of the lens member including a Fresnel surface, fresnel 
ized from the TIR lens with the divided portions that are 
originally positioned away from the central axis of the TIR 
lens, relocated adjacent to the central axis of the light-entry 
side of the lens member. 
0026 FIG. 5 is an explanatory diagram of a light-entry 
side showing a partial cross-sectional view of a central por 
tion where annular prisms with facets are provided and a 
peripheral portion around the central portion, the peripheral 
portion where annular prisms without facets are provided in a 
lens member according to embodiments of the present inven 
tion. 
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0027 FIG. 6 is an enlarged cross-sectional view showing 
shapes of facets provided at edges between inner annular 
Surfaces and outer annular Surfaces of annular prisms of the 
lens member in a lens member according to embodiments of 
the present invention. 
0028 FIG. 7A is a simplified explanatory diagram show 
ing an optical path when an edge of the annular prism has an 
ideal pointed shape. 
0029 FIG. 7B is a simplified explanatory diagram show 
ing an optical path when an edge of the annular prism is 
rounded. 
0030 FIG. 7C is a simplified explanatory diagram show 
ing an optical path when a facet is provided at an edge 
between the inner annular Surface and the outer annular Sur 
face of the annular prism. 
0031 FIG. 8A is an explanatory diagram showing an opti 
cal path when an edge of the annular prism has an ideal 
pointed shape. 
0032 FIG. 8B is an explanatory diagram showing an opti 
cal path when an edge of the annular prism is rounded. 
0033 FIG. 8C is an explanatory diagram showing an opti 
cal path when a facet is provided at an edge between the inner 
annular surface and the outer annular Surface of the annular 
prism. 
0034 FIG. 9 is a cross-sectional view of an optical unit 
including the lens member in the first embodiment and a light 
Source that faces a light-entry side of the lens member. 
0035 FIG. 10 is a perspective view of the optical unit 
shown in FIG. 9. 
0036 FIG. 11 is a graph showing a lens luminance distri 
bution due to simulation for the different cases of shapes of 
edges of the annular prism. 
0037 FIG. 12 is across-sectional view of a lens member in 
a second embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0038. The present invention now will be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which embodiments of the invention are shown. The 
present invention may, however, be embodied in many differ 
ent forms and should not be construed as limited to the spe 
cific embodiments set forth herein. Rather, these embodi 
ments are provided to convey the scope of the invention to 
those skilled in the art. In the drawings, the size and relative 
sizes of layers and regions may be exaggerated for clarity. 
0039 FIGS. 1 and 2 show a lens member 10 in accordance 
with an embodiment of the present invention. For more 
details, the lens member 10 includes a light-entry side 12 that 
includes a central axis AX, a concave shape with the central 
axis centered, a light-exit side 15 opposite to the light-entry 
side 12, and a plurality of annular prisms 13 provided on the 
light-entry side 12 and concentric with the central axis AX of 
the light-entry side 12. The plurality of annular prisms 13 
each includes an inner annular Surface 13a and an outer 
annular surface 13b that is positioned outside of the inner 
annular surface 13a to form each of the annular prisms 13. 
The central axis AX of the light-entry side 12 coincides with 
a central axis AX of the lens member 10. 
0040. As shown in FIG. 6, at least one of the annular 
prisms 13 includes a facet 13c between the inner annular 
surface 13a and the outer annular surface 13b of the at least 
one of the annular prisms 13. Here, a plurality of facets 13c 
are provided between the inner annular surfaces 13a and the 
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outer annular surfaces 13b of the annular prisms 13 and the 
facets 13c are configured to receive light that is emitted from 
the light source 2 and refract the light directly toward the 
light-exit side 15. The facet 13c may be an annular flat slope 
rising from the inner annular Surface 13a to the outer annular 
surface 13b of the annular prism 13. 
0041. Also, regarding an angle between the inner annular 
surface 13a and the facet 13c of the annular prism 13, a first 
annular prism disposed closer to the central axis AX, com 
pared with a second annular prism, has a larger angle between 
the inner annular surface 13a and the facet 13c of the first 
annular prism. In other words, though the width of the first 
annular prism disposed closer to the central axis AX is Smaller 
or narrower than the width of the second annular prism, the 
angle between the inner annular surface 13a and the facet 13c 
of the first annular prism has a larger angle than that of the 
second annular prism. Regarding the annular slope of the 
facet 13c, the slope of the second annular prism that is posi 
tioned outside the first annular prism becomes steeper. The 
slope of the annular prisms becomes steeper with the distance 
from the central axis AX. Accordingly, in this embodiment, 
annular prisms 13 with facets 13c are provided in a central 
portion with the central axis AX centered and annular prisms 
without facets are provided in a peripheral portion around the 
central portion. This is because, even if facets are provided at 
edges of annular prisms in the peripheral portion, the angles 
between the inner annular surfaces 13a and the facets 13c 
become too small and the slopes of the facets 13c become too 
steep to receive and refract light from the light source 2 
toward the light-exit side 15 properly. 
0042 FIG. 7A is a simplified explanatory diagram show 
ing an optical path when an edge of the annular prism has an 
ideal pointed shape that is formed by a die in which resin is 
ideally sufficiently filled at its edge of the annular prism. FIG. 
7B is a simplified explanatory diagram showing an optical 
path when an edge of the annular prism is rounded and the 
edge is formed by a die in which resin is not fully filled at its 
edge portion of the annular prism. In this case of FIG. 7B, 
desired light refraction at the rounded edge toward the light 
exit side 15 does not take place, and therefore, luminance 
performance in a direction along central axis AX is deterio 
rated due to loss of light that is uncontrollable at the rounded 
edge portion of the annular prism. 
0043. In contrast, in the embodiment of the present inven 

tion, as shown in FIG. 7C, since the facet 13c is provided at 
the edge between the inner annular surface 13a and outer 
annular surface 13b of the annular prism 13, molding the lens 
member 10 becomes easier without needing to form pointed 
edges at minute or narrow annular prisms in the central por 
tion of the lens member 10. As a result, the facets 13c receive 
light with the incident angle to be refracted toward the light 
exit side 15. 

0044) Moreover, compared with the case of the ideal shape 
shown in FIG. 8A, in the case of the technology disclosed in 
previously-mentioned.JP 05-281402 as shown in FIG.8B, the 
edge is rounded and easier to be molded. However, compared 
with the annular prism 13 with the facet 13c shown in FIG. 
8C, the height of the annular prism 13 of FIG. 8B with the 
rounded edge is required to be higher for the outer annular 
surface 13b which results in the lens becomes thicker and 
makes thinning of the lens difficult. Accordingly, as shown in 
FIG. 8C, the facet 13c can be a light-receiving surface in 
addition to inner annular Surface 13a, and it is easier to form 
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the annular prisms with facets than to form annular prisms 
with edges of pointed shape by molding. 
0045. Next, FIG. 11 shows that lens luminance distribu 
tion of the cases mentioned above in FIGS. 7A-7C and FIGS. 
8A-8C; annular prisms with edges of “ideal pointed shape'. 
annular prisms with “facet 13c provided at edges and the 
annular prisms with facets provided at a central portion of the 
light-entry side, and annular prisms with edges of “rounded 
shape’ at the central portion of the light-entry side because of 
insufficient filling resin of molding. 
0046. In addition, luminance performance in a direction 
along a central axis AX of the lens member 10 in each of the 
cases and ratios of the luminance performance are shown in 
Table 1 below, provided the luminance performance in the 
case of annular prisms with edges of “ideal pointed shape' is 
assumed to be 100 percent. 

TABLE 1 

luminance performance ratio 

ideal pointed shape 1425.9 100% 
rounded shape 1237.4 87% 
facet provided 1315.5 92% 

0047 Table 1 above shows that the annular prisms with 
facets at the central portion of the light-entry side have 92 
percent of luminance performance, far better than the 87 
percent of luminance performance of the annular prisms with 
rounded edges at the central portion of the light-entry side. 
The light performance of annular prisms with facets can be 
improved closer to the light performance of annular prisms 
with ideal pointed shape, and furthermore, it is possible to 
form the annular prisms with facets thinner than the annular 
prisms of other cases as mentioned above. 
0048. Furthermore, as shown in FIGS. 3 and 4, the inner 
annular surfaces 13a and the outer annular surfaces 13b are 
formed in a shape of Fresnel lens surface. 
0049 FIGS. 1, 2 and 5 show that the lens member 10 
includes a protruding portion 16 protruding at the central 
portion with the central axis AX of the light-entry side 16 
centered, and the plurality of annular prisms 13 with facets 
13c are provided on a slope of the protruding portion 16 at the 
central portion around the central axis AX and annular prisms 
13 without facets are provided in a peripheral portion around 
the protruding portion. Furthermore, the protruding portion 
16 may include a conical shape as a whole and the plurality of 
annular prisms with the facets 13c may be provided on a slope 
of the conical shape around the central axis AX. A protruding 
end 17 or an apex of the protruding portion 16 may include a 
flat Surface perpendicular to the central axis AX or may 
include an aspheric Surface. 
0050. As shown in FIGS. 3 and 4, the inner annular sur 
faces 13a of the annular prisms 13 may be formed with 
divided portions 3a, 3b, and 3c of a light-entrance surface 3 of 
a TIR lens 1 and the outer annular surfaces 13b of the annular 
prisms 13 may be formed with divided portions 4a, 4b, and 
4c, of the light-reflection surface 4 of the TIR lens 1 in which 
the light-entrance Surface 3 includes a concave shape pro 
vided at a lower portion of the TIR lens 1 and the light 
reflection Surface 4 includes a convex shape positioned out 
side of the light-entrance surface 3 of the TIR lens 1. In the 
divided portions 4a, 4b, and 4c of the light-reflection surface 
4 of the TIR lens 10, the divided portions 4a originally posi 
tioned away from a central axis AX of the TIR lens 10 away 
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from a central axis AX of the TIR lens is relocated to the outer 
annular Surfaces of the annular prisms that are positioned 
adjacent to the central axis AX of the light-entry side, and in 
each of the annular prisms 13, the outer annular surface 13b is 
a total-internal reflection Surface that reflects light passing 
through the inner annular surface 13a of each of the annular 
prisms 13. The inner annular surfaces 13a and the outer 
annular surfaces 13.b of the annular prisms 13 are formed in a 
shape of Fresnel lens surface, fresnel-ized or divided from the 
TIR lens with the divided portions that are originally posi 
tioned away from the central axis AX of the TIR lens, relo 
cated adjacent to the central axis of the light-entryside. Thus, 
a lens member 10 in the present embodiment can be a plate 
shaped lens having a Fresnellens Surface 14 as the plurality of 
annular prisms 13 at the light-entry side 12. The annular 
prisms 13 A-13C having angles of light refraction that differ 
from each other. The TIR lens 1 is disposed to face a light 
Source 2 that includes at least one of light-emitting diode 
element (LED element) with the central axis AX of the TIR 
lens 1 and an optical axis AX of the light source 2 coincided 
with each other. Note that this lens member 10 is integrally 
formed from a light-transmitting resin. 
0051 Consequently, each of the annular prisms 13 has an 
apex angle that changes according to position relative to the 
central axis AX of the lens member 10, the apex angle here is 
the angle between the inner annular surface 13a and the outer 
annular surface 13b of the annular prism 13. 
0052. The inner annular surfaces preferably include planar 
surfaces and the outer annular surfaces preferably include 
planar Surfaces in processing treatment, but may include 
quadric Surfaces such as parabolic Surfaces, hyperboloidal 
Surfaces, or ellipsoidal Surfaces. 
0053. The inner annular surfaces 13a include inclinations 
to the optical axis AX to face the light-emitting surface of the 
light Source 2. Note that, in the present embodiment, a light 
exit side 15 may be a planar surface. 
0054 Next, an optical unit including the above-mentioned 
lens member 10 according to the present invention and a light 
Source 2, and a casing 121 that Supports the lens member 10 
and the light source 2. 
0055. The casing 121 includes a hemispherical portion 
122 and a circular surface closing the hemispherical portion 
122, and the light source 2 is installed in a center of the 
circular Surface, and a lens-Support frame 123 disposed at the 
circular Surface around the light source 2 to support the lens 
member 10 above the light source 2 and the lens member 10 
is disposed to face the light source 2 with the central axis AX 
of the lens member 10 and the optical axis of the light source 
2 coincided with each other. 

0056 Furthermore, the Fresnel lens surface 14 of the 
present embodiment is configured such that the more out 
wardly positioned of the divided portions 4a-4c of the con 
ventional light reflection surface 4 that are divided into a 
plurality of outer annular surfaces 13b of prisms 13. The 
divided portion 4a of the light-reflection surface 4 of the TIR 
lens, the divided portion 4a that is most distant from the 
central axis AX of the TIR lens is relocated to the outer 
annular surfaces of the annular prisms adjacent to the central 
axis AX of the lens member 10, and the divided portion 4c of 
the light-reflection surface 4 of the TIR lens, the divided 
portion 4c that is closest to the central axis AX of the TIR lens 
is relocated to the outer annular Surfaces of the annular prisms 
that are disposed at the peripheral portion, most distant from 
the central axis AX of the lens member 10. As a result, light of 
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strong light intensity in the central portion enters the Fresnel 
lens unit 14 from the prism light-entrance surface 13a of the 
prism 13A in the central portion and is totally internally 
reflected at the prism light-reflecting surface 13b of that prism 
13A 
0057 Consequently, the lens member 10 can receive rela 
tively strong light at the central portion of the lens member 10, 
compared to the conventional TIR lens. Brightness at the 
central portion of the lens member with gradation of light 
intensity from the center to the peripheral portion of the lens 
member 10 can be improved. 
0058. In addition, because each of annular prisms includes 
a inner annular Surface 13a and an outer annular Surface 13b 
and the annular prisms are continuously disposed adjacent to 
the central axis AX to the peripheral portion of the light-entry 
side of the lens member 10, light entering through the inner 
annular surface 13a reaches the outer annular surface 13b in 
each of the annular prism 13 is totally internally reflected 
toward the light-exit Surface along the central axis AX, and 
therefore, luminance performance can be efficiently 
improved. 
0059 Hence, in the optical unit 120 comprising such a lens 
member 10 capable of achieving high luminance perfor 
mance along a direction of the central axis AX of the lens 
member 10 and so on, usage efficiency of the light emitted 
from the LED-configured light source 2 is high, and LED 
optical products and so on, Such as lighting, projectors, flash, 
headlights and tail lamps of automobiles and the like, that 
have good appearance, can be obtained. 
0060 Next, further embodiment of the lens member and 
optical unit in accordance with the present invention is 
described below with reference to FIG. 12. Note that in the 
following description of the embodiment, identical symbols 
are assigned to elements of configuration identical to those 
described in the above-described embodiment, and a detailed 
description thereof is omitted. 
0061. The second embodiment differs from the first 
embodiment in that, whereas in the first embodiment, the 
light-exit side 15 on the opposite side to the light-entryside 14 
is a planar surface, in a lens member 20 of the second embodi 
ment, as shown in FIG. 12, a plurality of minute irregularities 
21 that are configured to diffuse light passing through the 
light-exit side. The minute irregularities may diffuse light 
passing through the light-exit side to decrease variations of 
emitted light through the light-exit side. 
0062. Note that the irregularities 21 on a central portion of 
the light-exit side 15 of the lens member 20 may be config 
ured to have a higher diffusion than those on an outer periph 
eral side, since intensity of light at the central portion is 
stronger than that at the peripheral portion. 
0063) Note that the present invention is not limited to each 
of the above-described embodiments and it should be under 
stood that various alterations may be made to the embodi 
ments within a range not departing from the scope and spirit 
of the present invention. 
0064. For example, an optical sheet for controlling at least 
one of diffusion and directivity of transmitted light may be 
installed on the light-exit side. 
0065. That is, the light-exit side, in addition to having 
irregularities formed directly thereon, may also be installed 
with an optical sheet such as a diffusion sheet for uniformly 
scattering transmitted light, and an anisotropic diffusion sheet 
or prism sheet for Scattering or refracting a large amount of 
transmitted light in a specific direction, thereby allowing a 
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large variety of diffusion and directivity characteristics of 
light to be set as required. Note that a material having a small 
difference in refractive index with the material of the lens 
member main body is preferably adopted for the optical sheet. 
0066 By installing an optical sheet for controlling at least 
one of diffusion and directivity of transmitted light on the 
light-exit side in this way, it becomes easy for light that has 
been light-harvested to a maximum extent by the Fresnel lens 
unit to be emitted with a desired diffusion and directivity by 
refraction and scattering due to the optical sheet on the light 
exit side. 

What is claimed is: 
1. A lens member comprising: 
a light-entry side including a central axis and a concave 

shape with the central axis centered; 
a light-exit side opposite to the light-entry side; 
a plurality of annular prisms provided on the light-entry 

side and concentric with the central axis of the light 
entry side, the plurality of annular prisms each including 
an inner annular Surface and an outer annular Surface 
that is positioned outside of the inner annular Surface to 
form each of the prisms; and 

at least one of the annular prisms including a facet at an 
edge between the inner annular surface and the outer 
annular surface of the at least one of the annular prisms. 

2. The lens member according to claim 1; wherein the at 
least one of the annular prisms including the facet comprise a 
plurality of concentric annular prisms with facets, and the 
plurality of concentric annular prisms with the facets are 
positioned at a central portion around the central axis of the 
light-entry side. 

3. The lens member according to claim 2, further compris 
ing: 

a protruding portion protruding at the central portion with 
the central axis of the light-entry side centered; and 

the plurality of annular prisms with the facets, concentric 
with the central axis and provided on a slope of the 
protruding portion. 

4. The lens member according to claim 3, wherein the 
protruding portion has a conical shape with the plurality of 
annular prisms with the facets provided on the slope of the 
conical shape around the central axis. 

5. The lens member according to claim 1, wherein the facet 
is an annular slope rising from the inner annular Surface to the 
outer annular surface of the at least one of the annular prisms. 

6. The lens member according to claim 2, wherein the 
facets of the plurality of annular prisms are annular slopes 
each rising from the inner annular Surface to the outer annular 
Surface of each of the annular prisms. 

7. The lens member according to claim 2, wherein a pro 
truding end of the protruding portion has a flat surface per 
pendicular to the central axis. 

8. The lens member according to claim 2, wherein a pro 
truding end of the protruding portion has an aspheric Surface. 
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9. The lens member according to claim 1, wherein the inner 
annular Surfaces and the outer annular Surfaces of the annular 
prisms are formed in a shape of Fresnel lens surface. 

10. The lens member according to claim 1, further com 
prising: 

a plurality of minute irregularities disposed on the light 
exit side and configured to control directivity of light 
passing through the light-exit side. 

11. The lens member according to claim 10, wherein the 
plurality of minute irregularities are configured to diffuse 
light passing through the light-exit side. 

12. The lens member according to claim 1, wherein each of 
the inner annular Surfaces comprises a planar Surface and 
each of the concentric outer annular Surfaces comprises a 
planar Surface. 

13. The lens member according to claim 1, wherein each of 
the inner annular Surfaces comprises a planar Surface and 
each of the concentric outer annular Surfaces comprises a 
quadric Surface. 

14. The lens member according to claim 1, wherein the 
inner annular Surfaces of the annular prisms are formed with 
divided portions of a light-entrance surface of a TIR lens, and 
the outer annular Surfaces of the annular prisms are formed 
with divided portions of a light-reflection surface of the TIR 
lens in which the light-entrance Surface has a concave shape 
provided at a lower portion of the TIR lens and the light 
reflection Surface includes a convex shape positioned outside 
of the light-entrance Surface, and 

wherein, in the divided portions of the light-reflection sur 
face of the TIR lens, the divided portions originally 
positioned away from a central axis of the TIR lens are 
relocated to the outer annular surfaces of the annular 
prisms that are positioned adjacent to the central axis of 
the light-entry side, and in each of the annular prisms, 
the outer annular Surface is a total-internal reflection 
Surface that reflects light passing through the inner annu 
lar Surface and the facet of each of the annular prisms. 

15. The lens member according to claim 13, wherein the 
inner annular surfaces and the outer annular Surfaces of the 
annular prisms are formed in a shape of Fresnel lens Surface, 
fresnel-ized from the TIR lens with the divided portions that 
are originally positioned away from the central axis of the TIR 
lens, relocated adjacent to the central axis of the light-entry 
Surface. 

16. An optical unit, comprising: 
the lens member recited in claim 1; and 
a light source including at least one light-emitting diode 

element and a light-emitting Surface with an optical axis 
centered, the optical axis of the light Source being dis 
posed coaxially with the central axis of the light-entry 
side. 

17. The optical unit according to claim 16, wherein the at 
least one light-emitting diode element is a plurality of light 
emitting diode elements including RGB-color of light-emit 
ting diode elements. 


